Food is likely to be one of the major pathways through which people are exposed to endocrine disrupting chemicals. With the exception of residual effects, there are concerns that a number of naturally occurring and synthetic chemicals exert adverse effects upon endocrine systems in wild life and humans. The current study reported on selected pesticide concentrations and the total estrogenic activity of fruit and vegetables using the recombinant Yeast Estrogen Screen (YES) and T47D-KBluc reporter gene assays. A total of 53 food samples (27 fruit and 26 vegetables) from Joburg and Tshwane Fresh Produce Markets (in South Africa) were analysed. Of these 17 contained one to three different pesticide residues with a concentration ranging between 0.01 and 0.68 mg/kg, where-as in the rest of the samples no residues were detected. All pesticides detected except in one sample were below the maximum residue level (MRL), but others were unauthorised for use in specified fruit and vegetables. Estrogenic activity was detected in 26.4% (14 samples) of the samples tested, and the estradiol equivalents ranged from 0.007 to 2pg/g. Although the estrogenic activity was low, it may contribute to adverse health effects. Continuous monitoring for pesticides in fruit and vegetables is important, in view of the unauthorised pesticides detected in produce from South Africa and the endocrine 2 disrupting chemical activity found.
Introduction
Naturally occurring and synthetic chemicals are suspected to possess endocrine disrupting properties, which provide a potential threat to human and wildlife reproduction (Bergman et al. 2013 ). An endocrine disrupting chemical (EDC) is defined as an exogenous substance or mixture that alters function(s) of the endocrine system and consequently causes adverse health effects in an organism, or its progeny, Estrogenic activity has also been reported from naturally occurring and environmental contaminants. Phytoestrogens are natural ingredients of certain food such as soybeans, apples, cherries, wheat, and peas (Moon et al. 2006) . Phytoestrogens possess oestrogenic effects in vitro and in vivo and have been responsible for reproductive disorders in some animals (Santti et al. 1998 ). Some heavy metals such as cadmium, mercury, arsenic, lead, manganese and zinc are suspected to affect the endocrine system, producing alterations in physiological functions (Iavicoli et al. 2009 ).
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Exposure to metals may results in risk of diabetes (Kuo et al. 2013 ), obesity (Thayer et al. 2012) , synergistic effects and cardiovascular disease (Zeliger 2013) . Metals have also been implicated in influencing estrogen receptor-mediated signalling and may disrupt the glucocorticoid receptor, which regulates a wide range of biological processes in humans, including insulin sensitivity (Bergman et al. 2013 ).
Exposure to EDCs may cause disorders of the endocrine system in a number of ways (Mendes 2002) ; through ingestion of contaminated food and water, and inhalation (of pesticide fumes) or via dermal absorption (World Health Organization 2003). The ingestion of food containing added antioxidants, compounds migrating from wrapping materials and pesticide residues found on or in fruit, vegetables, beef and dairy products, is assumed to be the major route of human exposure to EDCs (Ganna & Sato 2005) . All systems in the body are linked, controlled and coordinated by hormones and can be disturbed by hormone disruptors (Ying et al. 2004 ). There are several ways in which endocrine disrupting pesticides can interfere with the endocrine system: they can mimic, block or inhibit the action of natural occurring hormones (Sonnenschein & Soto 1998) . Mehrpouret et al. (2014) reported that pesticides may act as endocrine disrupting chemicals through hormonal or gonadotrophic pathways that affect male reproduction. For example, parathion and methyl parathion, which structurally mimic estrogen, interact with hormone receptors and interfere with gene transcription. Endocrine disrupting chemicals have been linked to a wide range of human health problems such as an increase in birth defects, an increase in sexual abnormalities, an increase in reproductive failure, and an increase in neuro developmental disorders and risk of cancers (Bergman et al. 2013 ).
Several studies have reported that several pesticides are recognised for their endocrine disrupting impact. For example, endosulfan had estrogenic activity (Soto et al. 1994; Andersen et al. 2002; Bonefeld-Jorgensen 2005) and can enter into the body through different routes causing cancer, oxidative stress, neurotoxic effects, and damage to adrenal glands (Bergman et al. 2013 ). Another pesticide used in the agricultural industry is chlorpyrifos. A known EDC that has been associated with obesity, diabetes and cardiovascular problems later in life (Cal Environmental Protection Agency 2010). Many endocrine-related diseases and disorders are on the rise. There is limited 4 research on identifying and assessing estrogenic activity associated with consumption of fresh fruit and vegetables. The aim of this study was to identify and assess estrogenic activity in fruit and vegetable samples obtained from the major fresh produce markets in South Africa using the recombinant Yeast Estrogen Screen (YES) and the T47D-KBluc receptor gene assay.
Materials and methods

Materials used for pesticide residues analysis
The magnesium sulphate (MgSO4) and sodium (Na2) hydrogencitrate sesquihydrate were purchased from Sigma-Adrichin Johannesburg, South Africa. Sodium chloride 
Extraction procedure for fruit and vegetables samples
The first extraction of raw fruit and vegetable samples was conducted according to the SABS in-house test method 029/2006 with reference to the Quick, Easy, Cheap, 6 Effective, Rugged, and Safe (QuEChERS) mini-multiresidue method for the determination of pesticide residues in low-fat products (Anastassiades et al. 2003) .
After the first extraction, the acetonitrile layer containing the pesticides was purified from the contaminating matrix. For further purification, an aliquot was removed in order to undergo a second extraction by dispersive solid phase extraction (dSPE) containing both MgSO4 for further water absorption and primary secondary amine (PSA) to remove acids (including fatty acids), sugars and some pigments. An aliquot of acetonitrile layer was removed and added to the appropriate dSPE tube, which contained 150 mg MgSO4, and 25 mg PSA. Graphitised carbon black (GCB) was added to samples with high amounts of chlorophyll or carotinoids. After the addition of 2.5 mg GCB, the 2 mL dSPE tubes were all capped and shaken for 30 seconds to two minutes and then centrifuged for one minute at >3000 g. The aliquot was transferred into screw cap vials, and acidified using 10 µL 5% (v/v) and formic acid in acetonitrile (10 µL/ml extract) adjust the pH to 5.0-5.5.
Pesticide residue analysis
The fruit and vegetable extracts were transferred to auto-sampler vials and analysed for pesticide residue using gas chromatography (GC) and mass spectrometry (MS) techniques (Anastassiades et al. 2003) . The limit for quantification of pesticides was 0.01 ppm (Anastassiades et al. 2003) . The scope of pesticide residues are depicted in Table 1 .
Bio-assay analysis
The fruit and vegetable extracts were transferred into screw cap vials and transported 
YES assay
The YES assay was developed at the Genetics Department at Glaxo. Yeast cells were transfected with the estrogen receptor alpha (ERα) gene, together with expression 8 plasmids, containing estrogen-responsive elements and the lac-Z reporter gene encoding the enzyme β-galactosidase. Compounds that bind to and activate the ER will result in the production of β-galactosidase. This enzyme causes the chromogenic substrate, chlorophenol red-β-d-galactopyranoside (CPRG) present in the assay medium, to change from yellow into a red product that can be measured by absorbance (Routledge & Sumpter 1996) . To determine the estrogenic activity of the fruit and vegetable extracts, serial dilutions of the extracts and controls (E 2 positive control and ethanol solvent control) were made in ethanol and 10 µL aliquots were transferred to triplicate 96 well micro-titre plates and allowed to evaporate to dryness. The detection limit of the yeast assay was calculated as absorbance elicited by the solvent control (blank) plus three times the standard deviation. The estradiol equivalents (EEqs) were calculated for samples with three or more points above the detection limit.
T47D-KBluc reporter gene assay
The T47D-KBluc cell line was developed by Wilson et al. (2004) , to screen chemicals for estrogenic and anti-estrogenic activity. T47D human breast cancer cells naturally express ERα and ERβ and were transfected with an estrogen-responsive element (ERE) luciferase reporter gene construct. Luciferase is produced when estrogenic compounds bind to and activate the ER and can be quantified by measuring the light produced when the enzyme substrate, luciferin, and appropriate cofactors are added.
T47D-KBluc cells were maintained in RPMI-1640 growth media supplemented with 
Estradiol equivalents calculation
The E 2 standard curve was fitted (sigmoidal function, variable slope) using Graphpad Prism (version 4), which calculated the minimum, maximum, slope, EC 50 value and 95% confidence limits. Estradiol equivalent of fruit and vegetable extracts were interpolated from the estradiol standard curve and corrected with the appropriate dilution factor for each sample. Estradiol equivalent values were reported as the average ± the standard deviation (SD) of three independent repeats.
Results
Pesticide concentrations in fruit and vegetables
Of the 53 samples analysed, 36 did not contain any pesticide residues. The remaining 
Estrogenic activity in fruits and vegetables
Among the 53 fruit (n=27) and vegetable (n=26) samples analysed, estrogenic activity was detected in 26.4% (14 samples) of all samples tested. The EEq ranged from 0.007 to 2 pg/gin the T47D-KBluc bioassay. Eleven samples contained residues known to exert estrogenic activities in-vitro: procymidone in carrots (2 samples), chlorpyrifos in cabbage (2 samples) and carrots (1 sample); iprodione in table grapes (3 samples), iprodione in plums (1 sample) and apples (1 sample) and endosulfan in spinach (1 sample) ( Table 3 ). Ten of the 53 samples analysed showed estrogenic activity but no residue was detected on the product: tomatoes (3 samples), apples (2 samples), lettuce (2 samples), cabbage (2 samples), and pears (1 sample) ( Table 4 ). There was no correlation between the zero residue and the EEq values detected from the ten samples analysed.
Of the 53 samples tested, only four samples were detected with pesticide residues and were observed with cytotoxicity: strawberries (1 sample), cabbage (1 sample), and apples (1 sample) but the estrogenic activity was below the detection limit (<dl) of the assay. All the samples were below the level of quantification (loq) or dl in the YES screen, as indicated in Table 2 . The results obtained in the T47D-KBluc assay are shown in Table 2 . Cytotoxicity, which can mask estrogenic activity, was found in 13 three samples in the T47D-KBluc assay.
Discussion
This is the first study of its kind that the fruit and vegetables are sampled from the two biggest fresh produce markets in South Africa to assess for estrogenic activity. In this study the estrogenic effects of extracts from all the fruit and vegetable samples, using the recombinant YES and T47D-KBluc reporter gene assays, were investigated and To prevent the usage of banned chemicals stricter rules such as paying a fine for the violation of using banned substances or being suspended from participating in local sale or exporting fresh produce for certain period needs to be introduced.
In this study chlorpyrifos residue was found in cabbage and carrots. Chlorpyrifos is a Endocrine disrupting chemicals might act synergistically or in an additive manner e.g.
phytoestrogens, some heavy metals, industrial contaminants and pesticides (Kilian et al. 2007 ). However, further investigation may be necessary to understand the apparent discrepancy of shown levels of EEq (pg/g) and no pesticides detected. Only selected pesticides were tested, but there might be other EDCs presented, not tested for estrogenic activity.
Currently, South Africa has more than 500 registered pesticides for use on agricultural 
Conclusion
Fruit and vegetables in the current study contained estrogenic activity and specific individual chemical compounds known to be EDCs. The results of the study indicate that estrogenic activity was present in a significant proportion (26.4%) of samples assessed. However, the level of estrogenic activity detected in fruit and vegetables was considered low. However, endocrine disruptors can act at very low doses and causes adverse effects on animals and humans in the range of environmental exposure, therefore this information should be considered of importance in terms of potential impact on public health. Many pesticides are in use today and new ones are being developed, there is still a major lack of data for EDCs from large parts of the world, including South Africa. Many sources of EDCs are not known because of a lack of chemical constituent declarations in products, materials and goods. Humans and wildlife are simultaneously exposed to many EDCs, the measurement of the linkage between exposure to mixtures of EDCs and diseases is more physiologically relevant. Therefore there is a need to know where the exposures are coming from.
Continuous monitoring for estrogenic activity in fruit and vegetables is critical, in view of the serious negative health effects these compounds pose in humans, wildlife and in the environment. Further research is needed to improve current knowledge, to identify and list potential endocrine disruptive activity by other chemicals, especially those replacing current ED before they are widely distributed. Finally, a thorough health risk assessment must be done to evaluate whether chemicals may cause adverse health effects, at what level, duration and frequency of exposure, and the probability that adverse health effects may occur.
